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IDENTIFICATION AND PHYLOGENETIC ANALYSIS  
OF Fusarium sp. FIESC3 THE CAUSAL AGENT  
OF SEED ROT IN ONION (Allium cepa L.)
ABSTRACT: Onion (Allium cepa L.) is one of the most important vegetable crops in 
Serbia, where it is grown on an approximate surface of 20,000 ha. During the routine quality 
control analysis of onion seed in 2014, fungal infection was observed in an average of 28% 
of the seed. The objective of this paper was to isolate, determine, and identify Fusarium sp. 
based on the pathogen’s morphological and molecular characteristics. Onion seed samples 
were collected from different localities in the region of Vojvodina. To obtain a DNA se-
quence-based identification, a total DNA of the 25 isolates was extracted directly from the 
mycelium (~ 100 mg wet weight), with a DNeasy Plant Mini Kit (Qiagen, Hilden, Germany). 
Following DNA extraction, the translation elongation factor 1-alpha region was amplified 
by PCR with the primer pair EF1 and EF2. An amplicon of 700 bp was amplified in 25 
tested isolates. Identification of one isolate was performed by sequencing the translation 
elongation factor EF­1α gene, which was deposited in the NCBI GenBank database under 
accession number KP658211 (Fusarium sp. FIESC3).
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INTRODUCTION
Onion (Allium cepa L.) is one of the economically most important vegeta-
ble crop in Serbia. During the routine quality control analysis of onion seed in 
2014 in Serbia, Fusarium fungal infection was observed on an average of 28% 
of the seed. Species of Fusarium oxysporum, F. proliferatum, and F. equiseti 
have been described as the most common seed-borne fungi which attack and 
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can be transmitted by vegetable seeds. Seed health is a critical component for 
a successful crop production, while reduction in seed germination and growing 
energy occurres due to seed-borne diseases (Jasnić et al., 2005). Lević et al. 
(2009) indicate that Fusarium species periodically cause significant diseases, 
especially wilt of onion, garlic, and tomato, but there is a lack of information 
about Fusarium species associated with onion seed (Allium cepa L.) in Serbia. 
The significance of Fusarium basal rot of onion has been increasing in Serbia, 
not only in the production of green onion, but also in the production of onion sets 
and bulbs (Lević et al., 2009). The most frequent species isolated from onion sets 
and seedlings, as well as from the soil in Serbia are Fusarium oxysporum Schlecht. 
f. sp. cepae (Hanz) Snyd. & Hans, F. oxysporum, F. moniliforme, F. solani, F. 
equiseti, and F. accuminatum (Klokočar-Šmit et al., 1990; Lević 2008, Lević 
et al., 2009). The identification of Fusarium species traditionally relies on 
morphological and physiological characteristics, which is the most difficult step 
in the process of identification (Rahjoo et al., 2008), considering that Fusarium 
species can produce three types of asexual spores (Agrios, 1988). This is espe-
cially evident among very closely related Fusarium species, such as members 
of FIESC, which represents a complex of morphologically similar species (F. 
equiseti/F. semitectum/F. incarnatum) (O’ Donnell et al., 2009, 2012). Recently, 
a multilocus sequence typing scheme analysis has been applied to members of 
FIESC and revealed that FIESC comprises 30 phylogenetically distinct species 
(O’Donnell et al., 2009, 2012). DNA sequence-based identification of some un-
known isolates can be achieved using the translation-elongation factor 1­α TEF 
gene region which has become the marker of choice as a single-locus identifi-
cation tool in Fusarium (Geiser et al., 2004). Moreover, members of FIESC 
have been reported to produce type A and B trichothecene mycotoxins that 
cause toxicosis in humans and animals (O’Donnell et al., 2009). 
The objective of this paper was isolation, morphological and molecular 
DNA sequence-based identification of Fusarium sp. isolates from onion seed 
samples collected from storage and warehouses at different localities in the 
region of Vojvodina, Serbia.
MATERIALS AND METHODS 
Isolation and morphological characteristics
Blotter method was used for seed incubation during the routine seed health 
analysis (Mathur and Kongsdal, 2003). Onion seeds were immersed in NaOCl 
solution (1% available chlorine) for 3 min, washed in sterile water and drained. 
A set of three filter papers were immersed in sterile water, and placed com-
pletely wet in a Petri dish (ø9mm). Plating of 18 samples (400 seeds per sample) 
was done aseptically, a maximum of 10 seeds per plate were placed onto a 
blotter surface of each plate (Mathur and Kongsdal, 2003). Plates were incu-
bated at 22 ºC for 7 days in alternating cycles of 12 hours light (NUV) and 12 
hours darkness. After incubation, fungi which developed on each seed were 
examined under different magnifications of a stereomicroscope and identified. 
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Infected seeds were transferred to a potato dextrose agar (PDA), and incubated 
for seven days at 25 °C in alternating cycles of 12 hours light and 12 hours dark-
ness, in order to induce sporulation and pigmentation in culture (Burgess et al., 
1994). Light source consisted of three neon tubes measuring 40 W and a black 
light tube (Philips TLD 36W/08). For morphological identification, 25 isolates 
were single-spored and sub-cultured on both PDA and Carnation leaf agar 
(CLA) (Leslie and Summerell, 2006). Incubation lasted 7–10 days at 25 °C, in 
alternating cycles of 12 hours light and 12 hours darkness. Colony morphology 
was recorded from cultures grown on PDA and CLA. 
Pathogenicity test
Pathogenicity test of 25 isolates was conducted using Knop agar slants, in 
controlled conditions in the laboratory (Tuite, 1969). A piece of mycelium (ap-
proximately 2-3 mm) of each isolate, grown on PDA for 7 days, was placed at 
the bottom of each test tube. Onion seeds were disinfested in 1% NaOCl for 2 
to 3 min, rinsed with sterillized distilled water three times, and then dried on 
a sterile filter paper under aseptic conditions. Seeds were carefully placed and 
slightly pressed, approximately 2 cm above the inoculum. As a positive control, 
determined isolate designated as FE-3 (Fusarium equiseti) from our collection, 
was used. Onion seeds placed on a solid agar without mycelia were used as a 
negative control. Tubes were kept in the laboratory for two weeks, in a vertical 
position at room temperature (21−25 ºC) with day/night shift.
Sequencing and phylogenetic analysis
To obtain a DNA sequence, a total DNA of the 25 investigated isolates and 
one positive control FE-3 was extracted directly from the 7 days old mycelium 
(~ 100 mg wet weight), with a DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) 
according to the manufacturer’s instructions. Following DNA extraction, the 
translation elongation factor 1­alpha gene region was amplified by PCR with the 
primer pair EF1 (forward primer: 5’-ATGGGTAAGGA(A/G)GACAAGAC-3’) 
and EF2 (reverse primer: 5’- GGA(G/A)GTACCAGT(G/C)ATCATGTT-3’) 
(Geiser et al., 2004). The amplification was performed in Eppendorf Master-
cycler PCR device, using the modified program by Abdel-Satar et al. (2003): 
following 35 repeated cycles: 94 °C – 1 min, 53 °C – 1 min, 72 °C – 2 min. The 
PCR mixture with a total volume of 25 μl consisted of 2x Eppendorf Master Mix 
(Taq DNA polymerase 1.25 U, 30mM Tris-HCl, 50mM KCl, 1.5mM MgCl2; 
0.1% Igepal-CA630; 0.2 mM dNTP); 0.6 μM of each primer, and 1μl of fungal 
DNA. Amplification fragments were determined using electrophoresis on 1% 
agarose gel containing ethidium bromide (0.5 µg/mL). The expected size of 
the amplified fragments was estimated by comparison with O’RangeRulerTM 
100 bp DNA Ladder (SM0623), ready-to-use (Fermentas, Lithuania). The aga-
rose gel was visualised on UV transilluminator, and the images were captured 
with DOC PRINT system (Vilbert Lourmat, USA). 
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Identification of one isolate was performed by sequencing the translation 
elongation factor EF­1α gene. Purification and sequencing of the amplified 
fragments were done in the biotechnology company MACROGEN in Seoul, 
South Korea (http://dna.macrogen.com, Korea). Sequences were analyzed us-
ing the program FinchTV Version 1.4.0. Sequence of Serbian L1 isolate was 
compared with the previously reported isolates available in the NCBI GenBank 
(http://www.ncbi.nlm.nih.gov/BLAST) and the Fusarium ID-database (Geiser 
et al., 2004), using the ClustalW program (Thompson et al., 1994) and MEGA5 
software (Tamura et al., 2011). Manual corrections of aligned database, phylo-
genetic and molecular evolutionary analyses were conducted using MEGA 6 
software package (Tamura et al., 2013). These gene sequences were assembled 
and edited using FINCHTV v.1.4.0 (http://www.geospiza.com). Multiple alignments 
and comparisons with reference strains for each of the genes were performed 
using CLUSTALW integrated into MEGA 6 software (Tamura et al., 2013). 
The bootstrap consensus tree inferred from 1,000 replicates is taken to represent 
the evolutionary history of the analyzed taxa. The evolutionary distances were 
computed using the Maximum Composite Likelihood method (Tamura et al., 
2011) and are presented as units of the number of base substitutions per site.
RESULTS 
Morphological characteristics
Onion seeds placed on the blotter surface were covered with white, cot-
tony mycelium, reddish to purple pigmentation observed under the seeds. The 
presence of macroconidia typical for Fusarium sp. on the infected onion seed 
was confirmed by microscopic examination on an average of 28% of the seed. 
The development of mycelium of 25 isolates on PDA occurred at medium 
mycelial growth rate and formed a colony 6 cm in diameter after seven days 
of incubation in darkness at 25 °C. A total of 25 isolates (L1-L25) formed 
whitish to pale salmon colonies, and the colour was uniform throughout the 
entire colony. The orange pigmentation developed on the reverse surface of 
the colony. On CLA, isolates formed hyaline, thin-walled, slightly curved, 
fusoid macroconidia, with 4–6 septae (23–40×3.5–6 μm). Microconidia and 
chlamydospores were not observed.
Pathogenicity test
Pathogenicity of onion seedlings under in vitro conditions, in a test tube 
on a Knop agar, was confirmed in 25 tested isolates. Five days after the in-
oculation, isolates caused a change in tissue colour and emergence of necrotic 
spots on the roots and shoot basis, spreading to the upper part of the shoot. The 
roots were completely infected by fungal mycelia after 10 days. After 14 days 
fungal mycelia of 25 isolates completely covered the seedlings, causing root 
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necrosis and seedling decay. No symptoms were observed on seedlings in the 
tubes which were used as negative control. Pathogen was reisolated and mor-
phological identity was confirmed on PDA and CLA. 
Sequencing and phylogenetic analysis
Primers EF1/ EF2 successfully detected the presence of Fusarium sp. in 
all tested isolates and amplified DNA fragments of predicted size. One clear 
band of 700 bp was visible in all tested isolates as well as in positive control. 
No amplicon was recorded in negative control. Identification of one isolate was 
performed by sequencing the translation elongation factor EF­1α gene, which 
was deposited in the NCBI GenBank database under accession number 
KP658211. BLASTn queries of GenBank and the Fusarium ID-database (Geiser 
et al., 2004), showed 100% identity to accessions GQ505648.1 (NRRL36323), 
and GQ505646.1 (NRRL36318) from an unnamed phylogenetic species within 
the Fusarium incarnatum-equiseti species complex designated FIESC3 
(O’Donnell et al., 2009). TEF partial gene sequence of F. proliferatum was ana-
lysed to conduct a phylogenetic tree. Sequences generated in this study were 
added to the sequences of different Fusarium species selected from a BLAST 
search in NCBI GenBank for better understanding of their phylogenetic rela-
tionship (Geiser et al., 2004). A NJ tree constructed showed that the onion 
isolates were grouped together with Fusarium equiseti (KF754798, KP881270) 
and Fusarium incarnatum (JN092338) (Figure 1) strains from database:
Figure 1. Phylogenetic tree based on Neighbour-Joining (NJ) analysis of TEF gene  
sequences for L1 isolate from onion and other Fusarium reference strains from  
NCBI database. Bar – estimated nucleotide substitutions per site is 0.02.
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DISCUSSION
Fusarium species, members of FIESC, represent a complex of morpho-
logically similar species (F. equiseti/F. semitectum/F. inarnatum) that com-
prises 30 phylogenetically distinct species (O’Donnell et al., 2009, 2012). The 
correct identification of these species is therefore very important together 
with morphological identification. Using primers EF1 and EF2 to amplify 
translation elongation factor 1­alpha gene region a specific band at 700 bp was 
obtained by PCR for 25 isolates in this study. This part of genome sequence 
is considered a highly significant information on species level for the entire 
Fusarium genus (Summerell et al., 2003; Geiser et al., 2004; Kristensen et 
al., 2005). Identification of one isolate was performed by sequencing the 
translation elongation factor EF­1α gene, which was deposited in the NCBI 
GenBank database under accession number KP658211. In our study, we re-
covered only one phylogenetic species, designated as FIESC 3. BLASTn que-
ries of GenBank and the Fusarium ID-database (Geiser et al., 2004) showed 
100% identity with accessions GQ505648.1 (NRRL36323), and GQ505646.1 
(NRRL36318) from an unnamed phylogenetic species within the Fusarium 
incarnatum-equiseti species complex designated FIESC3 (O’Donnell et al., 
2009). Castella and Cabanes (2014) used this tool for the analysis of phylo-
genetic diversity of Fusarium incarnatum­equiseti species (FIESC) complex 
of 51 strains isolated from Spanish wheat. Pathogens of genus Fusarium are 
well known as seed-borne as well as soil borne species able to produce var-
ious mycotoxins. Geographic area and climate are the most important factors 
that influence the occurrence of Fusarium and pattern of infestation by 
various Fusarium species (Castella and Cabanes, 2014). Our results showed 
that causal agent of seed rot in onion is a new species in Serbia designated 
as Fusarium sp. FIESC3. This is not unexpected considering that recent 
studies in Northern Europe have shown that the predicted climate changes 
towards 2050 are expected to change the Fusarium species composition in 
world (Parikka et al., 2012). Infection of seed results in reduced germination 
and Fusarium rot are hard to control being seed-borne, long persistant, capable 
of infection and spread in field and storage (Özer & Köycü, 2004; Klokočar-Šmit 
et al., 2008). Previously, Jasnić et al. (2005) showed that the decrease in seed 
germination and plant emergence of soybean is due to seed infection by 
Fusarium sp. in agroecological conditions of Serbia. Morphological identi-
fication is time consuming, because these species have small morphological 
differences and it is difficult to distinguish them from each other. On CLA, 
all tested isolates formed hyaline, thin-walled, slightly curved, fusoid mac-
roconidia. Microconidia and chlamydospores were not observed. According 
to Nelson et al. (1983) and Burgess et al. (1994), morphology of macroco-




Knowledge of the composition of populations of Fusarium species trans-
mitted by onion seed is of great importance for the establishment of appropriate 
measures for protection of seeds and seedlings. Based on the completion of Koch’s 
postulates and sequence analysis, investigated isolates belong to Fusarium sp. 
FIESC3, a causal agent of pre-emergence dumping off, decay and rot of onion 
seed in Serbia. Due to its ability to reduce seed germination, the presence of 
this pathogen could significantly impact onion production in Serbia. These 
findings will provide the base to develop the effective disease management 
strategies.
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ИДЕНТИФИКАЦИЈА И ФИЛОГЕНЕТСКА АНАЛИЗА  
Fusarium sp. FIESC 3 ПРОУЗРОКОВАЧА ТРУЛЕЖИ  
СЕМЕНА ЦРНОГ ЛУКА (Allium cepa L.)
Маја В. ИГЊАТОВ1, Татјана Ч. ПОПОВИЋ2, Драгана Н. МИЛОШЕВИЋ1,  
Зорица Т. НИКОЛИЋ1, Гордана Р. ПЕТРОВИЋ1, 
Јелица М. ГВОЗДЕНОВИЋ ВАРГА1, Жарко J. ИВАНОВИЋ2
1Институт за ратарство и повртарство 
Максима Горког 30, Нови Сад 21000, Србија
2Институт за заштиту биља и животну средину
Теодора Драјзера 9, Београд 11000, Србија
РЕЗИМЕ: Црни лук (Allium cepa L.) спада у најзначајније повртарске биљне 
врсте у Србији. Гаји се на површини од око 20.000 хeктара. Током рутинске контроле 
квалитета семена црног лука у 2014. години, примећена је појава Fusarium sp. у ви-
соком проценту – од 28%. Циљ рада био је изолација и идентификација Fusarium sp. 
на основу морфолошких и молекуларних карактеристика патогена. Узорци семена 
лука сакупљени су с различитих локалитета и из великог броја складишта у Вој-
водини. Након изолације патогена одабрано је и морфолошки окарактерисано 
25 изолата Fusarium sp. Изолација ДНК извршена је директно из мицелија гљиве 
(~ 100 mg), коришћењем Dneasy Plant Mini Kit (Qiagen, Hilden, Germany). Ам пли-
фи кација ДНК циљаног гена (translation elongation factor EF-1α gene) обављена је 
по моћу PCR коришћењем пара прајмера EF1 и EF2. У свим проучаваним изо ла-
ти ма формирани су ампликони величине 700 bp. Идентификација једног ода бра-
ног изолата извршена је секвенцирањем транслационог фактора ЕF-1α гена, који 
је депонован у NCBI базу података под бројем KP658211 (Fusarium sp. FIESC 3).
КЉУЧНЕ РЕЧИ: FIESC3, Fusarium sp., црни лук, EF­1α ген, семе, секвен ци-
рање
